Clinically normal, bovine viral diarrhea virus (BVDV)-seronegative, 7 to 9-month-old steers were inoculated intranasally with NY-1, a noncytopathic strain of BVDV, or exposed intramuscularly to killed BVDV.
Bovine viral diarrhea virus
is a versatile pathogen which causes an array of clinical and pathological syndromes in infected cattle.8J8, 23, 26, 27, 35 Most frequently, BVDV induces a subclinical or mild disease characterized by pyrexia, anorexia, leukopenia, and mild diarrhea, followed by the production of neutralizing antibodies and rapid recovery. l8 However, while clinical manifestations of BVDV infection may be minimal, field isolates of BVDV are capable of suppressing host defense mechanisms sufficiently to potentiate the pathogenic effects of other microorgani s m~.~~,~~,~~ Until receQtly, the definition of changes in lymphoid cell populations in vivo, which may be related to the apparent immunosuppressive features of BVDV infection, has been limited by the unavailability of reagents capable of discriminating specific lymphocyte subsets in cattle. "-6,22 In the present report we have examined the kinetics of lymphocyte subset alterations in cattle subsequent to exposure to live and killed BVDV using a panel of monoclonal antibodies and flow cytometry.
Materials and Methods
New York-1, a noncytopathic bovine viral diarrhea virus (BVDV), was obtained from the National Veterinary Services Laboratory, Ames, Iowa. An experimental vaccine containing inactivated cytopathic and noncytopathic strains of BVDV, Campylobacter fetus venerealis, five serovars of Leptospira spp., and an adjuvant was obtained from Norden Laboratories, Lincoln, Nebraska.
Antibodies to BVDV in cattle sera were measured with a microtiter serum-neutralization (SN) test7 using the Singer cytopathic strain of BVDV and fetal bovine turbinate cells.
Twelve 7 to 9-month-old crossbred beef cattle were obtained locally. Prior to the commencement of the experiment, all animals were clinically normal and had BVDV-specific SN titers of < 1 : 8. Cattle were divided into two groups. On day 0, six animals in group 1 received a total of 4 ml of Hanks' balanced salt solution (HBSS) containing 1 06.2TCID,,BVDV/0. 1 ml intranasally (2 mhostril) using a gas powered atomizer (DeVilbiss Co., Somerset, PA). Six animals in group 2 received an identical amount of intranasal HBSS without BVDV and 5 ml of an experimental inactivated BVDV vaccine in the gluteal muscles on days 0 and 13. Rectal temperatures were recorded, and blood was collected for various analytical procedures from all cattle on days -1, 1, 3, 5 , 7, 9, 12, 14, 19, and33.
Total white blood cell (TWBC) counts in jugular venous blood collected in ethylene diamine tetra-acetic acid (EDTA) were determined by electronic counting using a Coulter counter (Coulter Electronics, Hialeah, FL). Blood films for differential leukocyte counts were prepared and stained with Wright's stain, and 100 cells were counted.
Mononuclear leukocytes (PBM) were isolated from peripheral blood collected in citrate buffer using ficoll/Hypaque (specific gravity 1.077) as previously described. 17 The specificities of monoclonal antibodies (MoAb) used to detect surface antigens on bovine PBM and representative flow cytometric profiles are shown in Table 1 and Fig. 1 , respectively. Indirect immunofluorescence staining of 50,000 PBM/ MoAb was done according to the methods of Lalor et a1.I' After staining, samples were fixed in 0.8% formaldehyde in phosphate buffered saline prior to analysis with a fluorescence activated cell sorter (FACSO Analyzer, Becton Dickinson Immunocytometry Systems, Sunnyvale, CA) as previously described.'* Absolute numbers of cells reactive with each MoAb were estimated by multiplying the percentage of 10,000 cells positive for each antibody by the estimated number of Table 1 . Control cells stained with second step reagent alone. total mononuclear leukocytes, as determined by routine counting procedures [total white blood cells -(total neutrophils + total eo~inophils)].~~ Differences in the absolute numbers of cell types and in rectal temperatures from before and after inoculation or vaccination were determined by an analysis of variance factorial design36 and an F-test. This method of analysis entails an evaluation of individual values from each animal at each time point indicated. A Student's t-test was used to determine differences between base line values and specific days of sampling. Differences were tested for significance in both analyses at probability levels of 0.05 or less.
Results

Following intranasal inoculation with a noncytopathic strain of bovine viral diarrhea virus (BVDV),
cattle with no previous exposure to virus developed significant (P < 0.01) variations in rectal temperatures, with significant elevations occurring on days 3 (P < 0.01) and 7 (P < 0.01) post-inoculation (P.I.) (Fig. 2) . Two animals had mild transient diarrhea coincident with the second peak of the bimodal febrile response on day 7. Rectal temperatures in animals exposed to inactivated BVDV antigens in the form of the vaccine did not vary significantly from prevaccination values during the same observation period.
Inoculation of cattle with noncytopathic BVDV resulted in a significant (P < 0.01) transient leukopenia on days 3, 5, and 7 P.I., at which times total leukocyte counts were at the lower limit of normal or below normal values reported for cattle3' (Fig. 2 ). Indirect immunofluorescence staining of mononuclear cell populations with subset specific monoclonal antibodies (MoAb) followed by flow cytometric analysis revealed that there were significant decreases in the absolute numbers of BoT2-positive T lymphocytes (P < O.Ol), identified by MoAb CH128A, and sIgM-positive B lymphocytes (P < O.Ol), identified by MoAb Pig45A on days 3 , 5 , and 7 P.I. (Fig. 3) . Reflecting this decrease in the total number of lymphocytes expressing the pan T cell marker, BoT2, there were parallel decreases in the total number of circulating cells which expressed BoT4 (P < 0.01) and BoT8 (P < O.Ol), the markers for the lymphocyte subsets which subserve primarily "helper" and "cytotoxic/suppressor" functions, respectively ( Fig. 3) . During this period there was no significant variation in the BoT4/BoT8 ratio in BVDV-infected animals. Neither was there significant variation in the non-T, non-B ("null") cell lymphocyte population, identified by MoAb ILA-29; monocyte population, identified by MoAb ILA-24; or number of cells expressing major histocompatibility complex (MHC) class I1 molecules, identified by ILA-21 ( Fig.  3) .
In contrast, in cattle which had been exposed to inactivated BVDV vaccine antigens there was no significant variation from prevaccination values in total leukocyte counts, which remained in the upper level of the normal range for cattle31 throughout the period of observation. Similarly, there was no significant variation in absolute numbers of any of the major mononuclear leukocyte populations identified by MoAb. However, in vaccinated animals, there was significant temporal variation in the BoT4/BoT8 ratios (P = 0.04) and in the number of cells expressing MHC class I1 molecules (P < 0.05) (Fig. 3) .
In both groups of cattle there was significant variation in the number of circulating neutrophils (P < 0.05). In BVDV-infected cattle there was a neutropenic response which corresponded to the leukopenia on days 3, 5, and 7 P.I. No significant variation was noted in absolute numbers of eosinophils in either group.
Discussion
Using a panel of monoclonal antibodies (MoAb) which are specific for bovine leukocyte subsets, we have demonstrated by microfluorimetric analysis and routine hematologic procedures that the leukopenia occurring early in infection of cattle with a noncytopathic strain of bovine viral diarrhea virus (BVDV) is characterized by significant decreases in the absolute numbers of both major subsets of T lymphocytes, B lymphocytes and neutrophils. This leukopenic response was not observed in cattle which were exposed to inactivated BVDV.
Previous studies which employed fluorosceinated in the BoT4/BoT8 ratio is indicative of an equivalent depletion of both major T cell subsets from the peripheral circulation. This is in contrast to the situation in many infectious diseases and immune disorders in humans34 and in trypanosome infections in cattle, l4 in which associated T4/T8 imbalances have been attributed to apparent selective effects on one of the major subsets. Such imbalances have been implicated in virus-induced immun~suppression.~~ Alterations in T lymphocyte subset demographics in chronic BVDV infections await examination. The T4/T8 ratio is an indirect measure subject to physiological ~ariati0n.I~ While there was a lack of significant variation in absolute numbers of circulating BoT4 and BoT8 cells in animals which received the inactivated vaccine, there was temporal variation in the BoT4/BoT8 ratios (and number of circulating cells expressing MHC class I1 molecules). Whether or not these phenomena are relevant to a variable degree of protection from the development of clinical disease (observed when these animals were subsequently challenged with BVDV) requires investigation of the effects of individual vaccine components on immune responses.
The fate of T and B lymphocytes and neutrophils which were transiently depleted from peripheral circulation was not determined. This depletion may be related to alterations in lymphocyte traffic (sequestration of cells at sites of viral replication, or in regional lymph nodes draining sites of infection).32 Further understanding of cellular interactions in BVDV infections necessitates an examination of events at the latter sites, where infection of the mononuclear phagocyte system has been d~cumented.~ Our results, which document significant alterations in leukocyte subsets following exposure to live, but not Several studies conducted both in vivo and in vitro have examined the consequences of BVDV infection on these heterogeneous cell populations and have documented multiple immune system abnormalities comprising decreased lymphocyte blastogenic res p o n s e~,~~,~~,~~ decreased immunoglobulin synthesis,' decreased neutrophil f u n~t i o n ,~~J~ decreased monocyte function,I6 and decreased circulatory clearance of pathogens. 28 The frequent concurrence of viral and bacterial infections with BVD suggests that BVDV has clinically relevant immunosuppressive properties. Immunosuppressive effects may be mediated directly via immune cell or indirectly through release of immunosuppressive substances such as prostaglandins from infected target cells of hematopoietic and non-hematopoietic 01igin.I~ To understand how virustarget cell interaction may effect the immune system, we are currently examining which subsets of lymphocytes are infected by BVDV and how infection may differ between biotypes of BVDV.l1
